Synthesis and Ion Exchange Properties of Organic-Inorganic Ion Exchangers by Niwas, Ram
SYNTHESIS AND ION EXCHANGE PROPERTIES OF 
ORGANIC-INORGANIC ION EXCHANGERS 
DISSERTATION 
SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE AWARD OF THE DEGREE OF 
i K l a s ( t e r o f $ i | t l o s ( Q p i i p 
IN 
APPLIED CHEMISTRY 
BY 
RAM NIWAS 
UNDER THE SUPERVISION OF 
DR. ASIF ALI KHAN 
DEPARTMENT OF APPLIED CHEMISTRY 
Z. H. COLLEGE OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1994 
Tf s 
DS2538 

DEPARTMENT OF APPLIED CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY, ALIGARH—202 002 (INDIA) 
No. DAC/. 
td 
Phonnc • I O f ' c c ( f n t c n i a l ) : 8302 
^"""" iRes, (External) : 29018 
U n i v . T c k - ^ : 5 6 1 - 2 3 0 A M U IN 
June 22, 1994 
CERTIFICATE 
C e r t i f i e d that the r e s u l t s reported in t h i s 
d i s s e r t a t i o n are from the o r i g i n a l work carr i ed out 
by Mr. Ram Niwas under my superv i s i on , and are 
s u i t a b l e f o r the submission f o r the award of M.Phil 
degree in Applied Chemistry o f Al igarh Muslim 
U n i v e r s i t y , Al igarh . 
J ) , M i i ^ ^ 
(Dr. As i f A l i Khan) 
SUPERVISOR 
C 0 N T E N T S 
SUBJECT 
ACKNOf/LEDGEAE NT 
LIST OF TABLES 
LIST OF FIGURES 
CHAPTER - I 
INTORDUCTION 
REFERENCES 
CHAPTER - I I 
INTRODUCTION 
EXPERIMENTAL 
RESULTS AND DISCUSSION 
REFERENCES 
PAGE NO. 
i 
i i 
i i i - i v 
I 
12 
22 
23 
43 
58 
**->rif* 
ACKNOWLEDGEMENT 
I have great pleasure to express my sincere and 
hear t f e l t gratitude to Dr. Asif Al i Khan, Lecturer, 
Department of Applied Chemistry,Aligarh Muslim University, 
Aligarh f o r his kind supervision and able guidance through-
out the course of this study. I am also g ra te fu l to Dr.K.G, 
Varshney, Professor in the Department f o r his he lp fu l advice 
and il luminating discussions during the whole tenure of my 
work. Prof . K.M. Shamsuddin. Chairman of the Department i s 
thanked f o r his keen interest and providing me a l l the 
f a c i l i t i e s avai lable in the department, 
I am highly indebted t o Dr. M. I l y a s , Professor , 
Department of Chemistry, A.M.U,, Aligarh f o r his most valuable 
help and continuous encouragement, I w i l l be f a i l i n g in my duty 
i f I do not express my gratefulness t o Sri Kuwar K.P,Singh 
f o r his blessing and most valuable d i scuss ion . 
Dr. (Mrs. ) Upma Gupta has also been a great source of 
insp irat ion during th i s work f o r which I am highly thankful to 
her. Thanks are also due to Miss Alka Gupta, colleagues and 
my a l l f r iends for cooperation and s c i e n t i f i c d iscuss ions . 
Last but not l e a s t , I would l ike to express my whole-
hearted gratitude to my parents and brothers f o r the ir b less ing , 
insp irat ions and untiring supports during the entire period 
of my study. 
(Ry^NIWAS) 
ii 
LIST OF TABLES 
Table No. Description Page No. 
1.1 Some Zirconium phosphate inorganic S 
ion exchangers. 
1.2 Some Organic - Inorganic ion exchangers 10 
2 .1 Synthesis of various samples of wood saw 
dust based zirconium (IV) tungstophosphate 25 
2 .2 E f f e c t of eluant concentration on the ion 27 
exchange capacity 
2 .3 Ion exchange capacity of saw dust based 
Zirconium(IV) tungstophosphate f o r various 
metal so lut ions . 28 
2 . 4 Ion exchange capacity and appearance of saw 
dust based zirconium(IV) tungstophosphate ^^ 
a f t e r heating to various temperatures f o r one 
hour. 
2 . 5 K^  values of some metal ions on saw dust based 39 
zirconium(IV) tungstophosphate in d i f f e r e n t 
so lvents . 
2 . 6 Chemical s t a b i l i t y of saw dust based zirconium{IV) 
tungstophosphate. 40 
2 . 7 "TValues f o r alkal ine earth metal exchanger on 
saw dust based zirconium tungstophosphate. 41 
2 .8 . S lopes (s ) of T versus time p lo ts at d i f f e r e n t 
temperatures f o r alkal ine earth metal ion on saw 
dust based zirconium(IV) tungstophosphate. 51 
2 .9 . Values of D^, E^  and A S * f o r the exchange of O d 
H( l ) with alkal ine earth metal ion on saw dust 52 
based zirconium(IV) tungstophosphate. 
i l l 
LISTS OF FIGURES 
Figure No. Descript ion Page No< 
2 . 1 Concentration p lo t of saw dust based 29 
Zirconium(IV) tungstophosphate 
2 , 2 . Histograms showing the e lut ion behaviour 
of saw dust based Zirconium(IV) tungsto-
phosphate. 
2 . 3 Equilibrium t i t r a t i o n curves of saw 
dust based Zirconium(IV) tungstophosphate 32 
in various a l k a l i metal hydroxides. 
2 .4 Thermogravimetric (TGA) curves of saw 
dust based Zirconiura(IV) tungstophosphate 34 
2 . 5 IR Spectra of saw dust based Zirconium(IV) 38 
tungstophosphate. 
2 . 6 Plots of U('T') versus time f o r alkal ine 
earth metalo-H(l) exchanges on saw dust 49 
based Zirconium(IV) tungstophosphate at 
four d i f f e r e n t temperatures. 
2 .7 Plots o f T ' versus time f o r a lkal ine earth 
metal-H(l ) exchanges on saw dust based 
Zirconium(IV) tungstophosphate. 
50 
2 .8 Plot of - l o g Djj versus l / j f o r alkal ine 
earth metal-H(I) exchanges on saw dust 53 
based Zirconium(IV) tungstophosphate. 
iv 
Figure No. Description Page No. 
2 .9 . A Comparison of E^, A S and - l o g D^ on a o 54 
saw dust based Zirconium(IV) tungstophos-
phate with Zr(IV) tungstophosphate. 
55 
2 .10 A Comparison of K^ j values of saw dust based 
2irconium(lV) tungstophosphate with Zr(IV) 
tungstophosphate in HNO^  and HCIO^ media. 
2 .11 A Comparison of K^ j values of saw dust based 
Zr(IV) tungstophosphate with Zr( lV) tungsto-
phosphate in Dm and CH^ OH jaedia. 
2.12 A Comparison of K^ j values of saw dust based 
Zr(IV) tungstophosphate with Zr(IV) tungsto-
phosphate in oxa l i c acid and c i t r i c acid 
media. 
* * * * * 
CHAPTER - I 
I N T R O D U C T I O N 
INTRODUCTION 
Applications of chemical analysis are to be found 
everywhere in an industr ia l ized s o c i e t y . Separation of 
d i f f e r e n t constituents in a given sample i s the primary 
step f o r analyt ical chemist. The methods generally used 
f o r the separations include d i s t i l l a t i o n , extract ion , 
p r e c i p i t a t i o n , c r y s t a l l i z a t i o n , d i a l y s i s , d i f f u s i o n e t c . 
However chromatography, ion exchange and electrophoresis 
are the modern and most versa t i l e ana lyt i ca l techniques f o r 
the purpose. Chromatography i s a separation method in which 
a mixture is applied in a narrow i n i t i a l zone to a stationary 
porous sorbent, and components are caused to undergo 
d i f f e r e n t i a l migration by the f low of the mobile phase, a 
l iquid or a gas. 
The two major c l a s s i f i c a t i o n s of chromatography are 
l i q u i d chromatography (LC) and gas chromatography (GC). In 
the former a l iquid carr ies the dissolved solutes through 
the sorbent which can be column paper or thin layer . In the 
l a t e r an inert gas ( c a r r i e r gas) carr ies the gaseous mixture 
through the sorption column. Within each of these major 
d i v i s i o n s , subdivisions based on the stationary phase are 
designated. Thus gas s o l i d chromatography(GSC) involves a 
so l id coated with a stationary l iquid as the sorbent. Liquid 
chromatography in colunins can be l iquid so l id chromato-
qraphy(LSC) or l i q u i d - l i q u i d ( p a r t i t i o n ) chromatography(LSC). 
I f the so l id stationary phase is an adsorbent, the process 
i s ca l l ed l iquid adsorption chromatography. I f i t i s an ion 
exchange material , e i ther organic or inorganic , i t is termed 
ion exchange chromatography (IXC). I f i t i s non ionic 
polymeric ge l ( e . g . polystyrene or Sephadex] the term ge l 
permeation chromatography(GPC), ge l f i l t e r a t i o n chromato-
graphy or molecular exclusion chromatography is used. Other 
subdivis ions of non-column l iquid chromatography are paper 
chromatography(PC) and thin layer chromatography(TLC). The 
most modern analyt ica l technique i s termed as High performance 
l i q u i d chromatography(HPLC). 
The phenomenon of chromatography is not of recent 
o r i g i n . Ar i s to t l e suggested f i l t r a t i o n of sea water through 
sand f o r i t s improvement(1). Thompson(2) and Way(3) observed 
that the calcium, magnesium ions of cer ta in types of s o i l 
could be exchanged f o r potassium and ammonium ions . Eichorn(4) 
suggested the ion exchange properties of Zeo l i t e s . Harms and 
Rumpler(5) f i r s t synthesized the aluminium s i l i c a t e based 
ion exchanger. Gans(6) did some industr ia l l y applicable work 
in the f i e l d of ion exchange. The f i r s t industr ial product 
app l i cab le f o r technical purposes was sodium permutite which 
was procuced by fusing a mixture of c lay minerals and a l k a l i e s . 
Folin and Be l l (7 ) made the f i r s t appl icat ion of a 
synthetic z e o l i t e f o r the c o l l e c t i o n and separation of 
ammonia from urin. Thus the early ion exchanger were 
large ly inorganic in nature. Later on organic resins were 
developed and used extensively because of the i r reproducible 
behaviour and s t a b i l i t y in the wide range of pH, The 
research work on the applications of res in based ion 
exchangers was f i r s t published by Samuelson(8), D .Ale l i o 
f i r s t synthesized polymerised ion exchanger(9). Organic 
res ins have high mechanical and chemical s t a b i l i t y . However 
they decompose at elevated temperatures and under the 
presence of strpng rad iat ions . I t was due t o th is reason 
that the interest in the inorganic ion exchangers was 
rev ived . During the past 20 years the studies on synthetic 
inorganic ion exchangers have been extensively made. In 
the beginning K.A. Kraus and his research group( 10,11) at 
Oak Ridge National Laboratory and C.B. Amphlett (12,13) in 
United Kingdom did exce l lent work on synthetic inorganic 
ion exchange materials , A Clear f ie ld (14,15) and 
G. Albert i (16) have a lso done some very good work on 
d i f f e r e n t aspects of synthetic inorganic ion exchangers. 
In India M. Qureshi (17-20) and K.G.Varshney (21-25) have 
studied a large number of inorganic ion exchangers. They 
have a lso composed two books in the f i e l d of ion exchange 
'f 
chromatography(inorganic) (26 ,27) . Other groups which axe 
engaged in this f i e l d are S.N.Tandon(28-32) at Roorkee and 
A.K. De (33-37) at Shantiniketan. 
Synthetic inorganic ion exchangers may be c l a s s i f i e d 
in the fo l lowing categor ies . 
( i ) Polybasic acid sa l ts 
( i i ) Heteropoly acid sa l t s 
{ i i i ) Hydrous oxides 
( i v ) Metal ferrocynides 
(v ) Synthetic aluminosi l icates 
The materials of the f i r s t category are produced by 
mixing the hydroxides of metal belonging to IV, V and VI 
groups of the periodic tab le . They are extremely inso luble . 
Their composition depends on the condit ions under which they 
are prec ip i tated . These materials are mostly phosphates 
arsenates, molybdates, tungstate^ antimonates, s i l i c a t e s , 
vanadates and te l lurates of zirconium, titanium, thorium, 
t i n , cerium, chromium, i r o n , niobium, tantalum e t c , ( 3 8 - 4 6 ) . 
Zirconium phosphate i s the most extensively studied ion 
exchanger of this category. Table 1,1 l i s t s synthesis of 
some zirconium phosphate ion exchangers. 
In heteropolyacid sa l ts the parent acids belong to 
c l a s s of 12-heteropolyacids having the general formula 
H X^ where^X^may be one of the several elements 
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including phosphorous, arsenic and s i l i c o n , and*y"a 
d i f f e r e n t element such as molybdenum, tungsten and 
vanadium. Buchwald and Thist lewaits(64) f i r s t recognised 
that the addition of fore ign ions in to the ammonium 
molybd©phosphate structure during prec ip i ta t i on occured 
by a po tent ia l ly useful cat ion exchange process. Ion 
exchange properties of these sa l ts have a lso been carried 
out in the laboratories of Van R. Smit, Robb and Jacobs 
and the i r coworkers(65,66) . 
The hydrous oxides have also been synthesized f o r 
ion exchange purposes. Hydrous f e r r i c oxide and f e r r i c 
hydroxide eas i ly absorb alkaline earth ca t i ons (67 ) . 
Amphoteric oxides such as hydrous alumina may absorb either 
cat ion or anion depending upon the p^ i of the so lut ion (68 ) . 
Zinc oxide also shows amphoteric exchange propert ies (69) . 
The inorganic ion exchangers of metal ferrocyanides 
are inso luble . They are eas i ly prepared and have high ion 
exchange capacity . They are useful in the separation of 
radioact ive wastes and f i s s i onab le materials(70,71) with 
less damage by rad iat ion . Ferrocyanide molybdate(72) f o r 
studied by Baetsley e t a l . The ion exchange properties of 
large number of insoluble ferrocyanides o f various metals 
such as s i l v e r , z inc , cadmium, n i c k l e , c o b a l t , lead, mangnese 
i r o n ( l l l ) , titanium, zirconium, vanadium, molybdenum,tungsten 
uranium, t i n ( I l ) have been studied. Amine based metal 
ferrocyanide have a l so received attent ion. They were 1st 
introduced by Hahn and Clein(73)^ ii/?ho prepared cobalt 
amine-ferrocyanide. Sn ( I l ) ( 74 ) and Sn(IV) (75) amine f e r r o -
cyanides have been prepared in these laborator ies . 
Recently the interes t has been developed in the study 
of organic- inorganic compounds. These compounds can be 
synthesized by introducing some organic molecules in the 
matrix of inorganic ion exchangers. These are intercalated 
compounds with layered c rys ta l l ine structure of some 
synthetic inorganic ion exchangers such as insoluble 
s a l t s of tetravalent metals(76) . 
Other materials are prepared by mixing organic materials 
with inorganic materials , M.J. Hudson, E. Rodrigues-Castellon 
and P. Sylvester (77) at Spain observed ion exchange behaviour 
of some amine intercalated with a-Tin(IV) Hydrogen phosphate 
2+ 
monohydrate. This material i s s e l e c t i ve f o r Cu espec ia l ly 
at low copper concentration in mixed so lu t i ons . Isao Tomita, 
Kayo Sasaki, Ritsuko Inoue and Yuka Marino e ta l at Japan(78) 
observed intercalat ion behaviour of some organic bases 
( d i f f e r e n t amines) in Zirconium phosphate c r y s t a l l i t e s . In 
case that Cu(I l ) ions were taken up on a-ZrP/ethylamine 
i n t e r c a l a t e s , some p i l l a r ing e f f e c t i s observed. Cu(I l ) ions 
are e ssent ia l l y not coordinates to N-atom in amine but 
coordinated to 0-atoms in exchanger matrix. Other 
interest ing example of organic inorganic compounds i s 
the synthesis of porous spherical res ins (Amberlxte XAD-7) 
loaded with hydrous metal oxide [M = Zr , Ce] by Toshishige 
M. Suzuki (79) at Japan, They obtained the material by 
simple procedure i . e . incorporation of metal alkoxide into 
porous polymer beads. The Zirconium loaded res in and 
cerium loaded res in revealed a remarkable s e l e c t i v i t y 
towards the adsorption of f luor ide ions . 
The new developments in ion exchange materials are 
frequently used in the f i e l d of environment and separation 
s c i ence . Table -12 gives some example of materials with 
the ir appl icat ions . 
With these points in view the synthesis of organic 
inorganic ion exchange materials are a lso of great importance. 
In Chapter I I of d i sser tat ion sunmarized the synthesis of 
wood saw dust based zirconium(II) tungstophosphate ion 
exchanger in order to get a reduced cost material ,consist ing 
good ion exchange propert ies . Kinetic studies have also 
been performed on th is material. 
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CHAPTER - I I 
SYNTHESIS, CHARACTERIZATION, AND KINETIC STUDY 
OF SAW DUST BAbED ZIRC0NIUM(IV)TUNGST0PH0SPHATE, 
INTRODUCTION 
Inorganic materials possessing ion exchange 
propert ies have been found thermally s t a b l e ( l - 5 ) . Their 
s e l e c t i v i t y f o r a part icular metal ion has increased the 
appl icat ions of such materials in separation s c i ences (3 t6 ) . 
Cation exchangers mostly synthesized in these laborator ies 
are double sa l ts of inorganic nature. These double sa l ts 
have shown better ion exchange behaviour as compared with 
s ing le s a l t s ( 1 , 2 ) . Thin layers and paper impregnated with 
such type of inorganic materials have success fu l ly been used 
in separation of metal ions and amino a c i d s ( 7 - 9 ) . Adsorption 
behaviour of pes t i c ides on such type materials i s one of the 
important aspect of the s tudies (10 ,11 ) . In the present work 
wood saw dust based Zirconium(IV)tungstophosphate a new cation 
exchanger have been synthesized in order to get a low cost 
material with good ion exchange propert ies . The ion exchange 
mechanism is j u s t i f i e d by kinetic studies on surface of saw 
dust based Zirconium(IV)tungstophosphate, 
2.i 
EXPERIMENTAL 
Reagents and Chemicals : 
Zlrconyl chlor ide (ZrOCl2.8H20) and sodium tungstate 
(Na2W04.2H20) were obtained from Loba-Chemie(India) while 
orthophosphoric acid (H^PO^) was the glaxo product. A l l other 
reagents and chemicals were o f analyt i ca l reagent grade. 
Apparatus : 
A pH meter model LI-10 from El i co (India) was used f o r 
pH measurements while a Bauch and Lomb spectronic-20 spec tro -
photometer was used f o r the co lor imetr ic studies . The thermo-
gravimetric analysis was done on a CAHN thermobalanace. A water 
bath incubator shaker having a temperature variation of 
+ 0.5®C was used f o r the equilibrium studies . 
Reagent Solutions : 
Decimolar solut ions of z irconyl ch lo r ide , sodium 
tungstate , orthophosphoric acid were prepared in demineralized 
water (D.M.W.). 
Synthesis of the Ion Exchange Material : 
Various samples of wood saw dust based zirconium(IV) 
tungstophosphate were prepared by adding the saw dust in the 
2 
mixture of decimolar so lut ions of z i r cony l ch lor ide , sodium 
tungstate and orthophosphoric ac id . The of the result ing 
g e l was maintained 0 - 1 by adding few drops of conc. HNO^  with 
the constant s t i r r i n g . The ge l thus obtained was kept f o r 
24 hours at room temperature ( 30°C) before f i l t e r i n g and 
washing with DMW at a pH 6 -7 . The material was f i n a l l y dried 
in an a i r oven maintained at 45°C. The dried g e l , when put 
in DMW to form small granules suitable f o r column operation. 
The granules were then placed in 1/4 HNO^  to convert them into 
the H"'"-form and were f i n a l l y washed and dried at 45®C, A sample 
f o r the detai led study was selected on the basis of i t s column 
ion exchange capacity f o r Na"*" ion. Table 2 , 1 gives the 
experimental de ta i l s of the synthesis of the various samples 
o f the material . 
Ion Exchange Capacity ( i . e . c . ) : 
The ion exchange capacity ( i . e . c . ) was determined by 
the column process. One gram of the exchanger (H'^-form) was 
placed in a g lass column having an internal diameter 1 cm, 
f i t t e d with glass wool at i t s bottom. The column bed was 1 cm 
high, 250 ml of a molar NaNO^ , so lut ion was then passed through 
f low , 
i t maintaining a very s low/rate (0 .5 ml min" ) . The e f f l u e n t 
thus c o l l e c t e d was t i t ra ted against a standard O.IM NaOH 
so lut ion to f ind out the Na"^  ion exchange capacity of the 
sample in terms of the mi l l iequivalent per dry gram. The values 
are reported in table 2 . 1 , 
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Ef fe c t of Eluent Concentration on the Ion Exchange 
Capacity ( i . e . c . ) : 
The extant of e lut ion was found to depend upon the 
concentration of the e luent . Hence, a f ixed volume (250 ml) 
o f the NaNO^ solut ion of varying concentrations ( 0 . 2 , 0 . 4 , 0 . 6 , 
0 . 8 , 1 . 0 , 1.2 M) was passed through a column containing 1.0 
gram of the exchanger in H'^-form and the e f f luent was t i t rated 
against a standard a l k a l i (O.lM NaCH) solut ion f o r the H'^-ion 
eluted out. Maximum elut ion was observed with a one molar 
NaNO^ solut ion as i s evident from tab le 2 . 2 and shown in 
f i gure 2 , 1 . 
Elution Behaviour : 
The column containing 1.0 gram of the material in 
H"^-form was eluted with a IM NaNO^ so lut ion having a standard 
f low rate as above and several 10 ml f ra c t i ons of the e f f luent 
were c o l l e c t ed and t i t ra ted against NaOH f o r the H"^  released. 
The t o t a l volume was f ixed as 250 ml. Figure 2 ,2 shows the 
e lut ion behaviour of the exchanger. 
Ion Exchange Capacity f o r d i f f e r e n t metal ions : 
The ion exchange capacity of the material was also 
determined f o r the metal ions other than Na"'" by the usual 
column process described above. The r e s u l t ! are sunmarised in 
table 2 . 3 . 
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Fig.2.1—Concentration plot of saw dust based-zirconium(iv) 
Tungstophosphate cation exchanger 
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Fig. 2.2 — Histogram showing the elution behaviour of saw 
dust based zirconium (IV) jungstophosphate cation 
exchanger 
pH Titrat ion : 
t i t ra t ions were performed by the bath process 
using the method of Topp and Pepper(12). 500 mg of the 
exchanger in the H'^-form were placed in each of the several 
250 ml conical f l a s k s , followed by the equimolar solutions 
of a lka l i metal chlor ides and their hydroxides in d i f f e rent 
volume r a t i o s , the f i n a l volume being 50 ml, to maintain 
the ionic strength constant. The pH of the solutions was 
recorded a f ter 24 hours to f ind out the time required f o r 
equilibrium. Figure 2,3 shows the t i t r a t i o n curves. 
Thermal S tab i l i ty : 
For thermal s t a b i l i t y several 1 gm portions of the 
exchanger were heated at various temperatures in a muffle 
furnace, and the ion exchange capacity was determined as 
above by the coliimn process af ter cool ing them to the room 
temperature. The resul ts were shown in table 2 . 4 , 
Thermoqravimetric analysis (TGA) : 
I t was done by an automatic thermobalance which 
recorded the weight loss on heating the material at the 
constant rate (15®c/min) Figure 2 .4 shows the percent 
weight loss occurred on heating the sample upto 800°C. 
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IR Studies : 
The IR spectra of saw dust based zirconium(IV) tungsto-
phosphate was taken in KBr disc method. Fig .2 ,5 shows the 
IR spectra. 
X^rav Studies : 
X-ray d i f f r a c t i o n patterns of the saw dust based 
zirconium(IV) tungstophosphate, obtained on heating t o 
various temperature. 
D is t r ibut i on Studies : 
200 mg of the exchanger in the H'^-form were 
equi l ibrated with the selected solvents (20 ml) by keeping 
i t at room temperature f o r 24 hours. The i n i t i a l metal ion 
concentration was so adjusted that i t may not exceed 3/. 
of the t o t a l ion exchange capacity of the materials and the 
determination was carried out volumetrical ly using EDTA as 
t i t r a n t (13 ) . 
The Kd values , as summarized in table 2 .5 were 
obtained by the formula. 
Kd = ^ f ^ X ^ (ml g - ^ ) A 
where, 
I = I n i t i a l amount of the metal ion in the so lut ion 
phase. 
3 A 
F = Final amount of the metal ion in the solution 
phase. 
V = Volume of the solution (ml) 
A = Amount of the exchanger (g ) 
Chemical S tab i l i t y : 
500 mg portion of ion exchange material were placed 
in 25 ml of various mineral acids and a l k a l i hydroxide 
so lu t i ons (o f various concentration) f o r 24 hours, with 
intermittent shaking. The supernatant l iquid was then 
decanted and analysed f o r Zr(IV) and PO^  by standard 
spectrophotometric methods (14 ,15) . The results are summarized 
in table 2 . 6 . 
Kinetic Studies : 
The par t i c l e of mean rad i i 100 m^ (60-100 mesh s i z e ) 
were used f o r determining the various physical parameters, 
20 ml f rac t i ons of the metal ion so lut ion of a constant ionic 
strength (O.OSM) were shaken with exchanger beads (0 .2 gm) 
in the temperature contro l led shaker at various temperatures 
(25° , 32®, 45° , 55°C) in several g lass stoppered conica l 
f l a s k s f o r d i f f e r e n t time intervals . The supernatant l iquid 
was removed immediately and analysed quantitat ively (13 ) . 
The f r a c t i o n a l attainment of equilibrium U ( Y ) was 
calculated by the equation : 
y/ "Y \ _ The amount of exchange at time *t ' . x 
The amount of exchange at i n f i n i t e time ^ ' 
3-
and the correspondingtvalues were calculated by solving 
the Nernst-Planck equations (16 ,17 ) . TheT'values f o r metal 
ions on saw dust based zirconiuin(IV) tungstophosphate are 
given in table 2 .7 at d i f f e r e n t temperatures. 
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TABLE 2 . 6 
CHEMICAL STABILITY OF SAW DUST BASED ZIRCONIUM(IV) 
TUNGSTOFHOSPHATE. 
til 
Solvents 
25 ml 
Amount 
Zr(IV) 
d i s so lved 
(mg) 
in 25 ml 
P04"^(mg) 
IM HNO3 00 0 . 0 8 
2M HNO3 0.02 0 . 1 7 
4M HNO3 0.04 0.25 
IM HCL 0.02 0.17 
2M HCl 0.06 0 .30 
4M HCl 0 .08 0 . 3 8 
IM H2SO4 0.02 0 .17 
2M H2SO4 0.04 0 . 2 5 
4M H2SO4 0.06 0 .34 
. I M NaOH 0.04 0 .42 
IM NaOH 0.16 0 .75 
. IM KOH 0.04 0 . 3 0 
IM KOH 0 . 1 0 0 . 6 5 
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RESULTS AND DISCUSSION 
The main feature o f this study is the synthesis of 
wood saw dust based inorganic ion exchanger. Various samples 
of saw dust based Zirconium(IV) tungstophosphate were 
synthesized and the i r ion exchange capacity was determined 
as shown in t a b l e ( 2 , l ) . The ion exchange capacity of 
Zirconium(IV) tungstophosphate was found 1.8 meq/dry gm. The 
ion exchange capacity of saw dust was found to be zero. As 
Zirconium(IV) tungstophosphate was introduced in saw dust , 
the cat ion exchange capacity started to appear. Sample - 4 
i s the homogeneous mixture of 25^ saw dust and lb'/, Zirconium(IV 
tungstophosphate by weight, indicating the maximum ion exchange 
capacity of Zirconium(IV) tungstophosphate (2,05 meq/dry gm). 
Further increase the amount of Zirconium(lV) tungstophosphate 
indicates i t s approximately or ig ina l ion exchange capacity . 
I t i s quite obvious from the resul ts that the ion exchange 
material (ZrWPO^) incorporated with carboxyl ic group of 
c e l l u l o s e in saw dust and hence increased the surface area 
of the ion exchange materials . Thus more ionic groups are 
ava i lab le f o r exchange. 
The ion exchange material possesses maximum ion 
exchange capacity at an eluent concentration of IM. The 
e lut ion curves of these materials revealed that almost a l l 
H"^  ion were eluted out within the 160 ml of eluent ( f i g . 2 , 2 ) , 
/ ( 
The pH t i t r a t i o n curves ( f i g . 2 . 3 ) indicate the b i funct ional 
behaviour of the material f o r H"*", Na"*" and K*^  ion. 
The heating e f f e c t of the material table 2 ,4 
ind icates that material i s stable upto 100®C. Above 1(X)®C 
the appearance of the material changed, the ion exchange 
capaci ty reduced and f in ished at 800®C. 
The thermogravimetric curve ( f i g . 2 . 4 ) exhibits the 
removal of external water molecules at 120°C amounting to 
the weight loss of liy.^ The X-ray pattern shows the 
amorphous charac ter i s t i c of the material . 
IR spectra ( f i g . 2 . 5 ) of the ion exchange material 
indicates the bands at 5CX)-700 1000-llCX) cm"^, 1600 cm"^ 
and at 3000-3500 cm"^. The metal oxygen band stretching 
v ibra t i ons have been assigned at 500-700 cm' 
(18).P0J'=' has 
found to give absorption band at 1000-1100 cm~^(18). The 
stretching vibrat ion in 3000-3500 cm"^ exhibits the external 
watermolecule (18 ) . At 1600 cm"^ the band i s Identi fying the 
water c r y s t a l l i z a t i o n ( 18 ) . 
Table (2 .6 ) shows the chemical s t a b i l i t y of the ion 
exchange material . The material is s tab le upto 0 .5 molar of 
mineral acids (H2S0^, HCl, HNO^). But in the case o f a lkal ies 
( in NaOH and KOH^  i t s tart to d i s so lve inO.IM concentration. 
The rates of exchange were determined by limited bath 
technique (19 ) . ^he equation appl icable to an i n f i n i t e bath 
can be used here because CV >> Cv where c and c are the metal 
45 
i on concentrations in the solut ion and exchanger phases 
r e s p e c t i v e l y , V and v are the volumes of these two phases. 
A p lot of UCT) versus t (F ig ,2 ,6 ) indicates that f r a c t i o n a l 
attainment at d i f f e r e n t temperatures. The Nernst-Planck 
equations can be solved with some addit ional assumption (20) 
which are val id f o r inorganic ion exchangers as the swelling 
changes and the s p e c i f i c interact ions are not s i gn i f i cant in 
th i s case. As a resu l t we obtained a coupled in terd i f fus i on 
c o e f f i c i e n t D^g, the value of which depends on the r e la t i ve 
concentrations of the counterions A and B in the exchanger 
phase (C^, Cg), the counter ion A being i n i t i a l l y present in 
the ion exchanger phase. In the present study the exchanger 
i s taken in H"*" form D^ may be replaced by Dj^ . 
Thus on the basis of Nernst-Planck equations the 
numeral resul ts are expressed by the e x p l i c i t approximation(21) 
U ( r ) = | l -exp [ i i 2 ( ( f ^ ( a ) T + f^ ia ) f 3 ( a ) t ^ ) ] 
where, 
T = i s the hal f l i f e time of exchange = — ~ 
^o 
a i s the mobil i ty r a t i o = — r 
Dm 
r^ i s the p a r t i c l e radius and DjJJ i s the in terd i f fus i on 
c o e f f i c i e n t of the metal ion. Under the conditions I4 a 4 20 
/ ' 
"th 
and the charge r a t i o Zj^ /Zjyj = 1/2 as in the present case , 
the functions f j^(a) , £2(0) and f 3 ( a ) can be expressed as 
= - 0.64 . 0 .36 
f « ( a ) A •••• (b) 
2 0.96 - 2 . 0 
and 
f o ( a ) i r-Y2— . . . . ( c ) 
^ 0.27 + 0 .09 
each value of U ( T ) w i l l have a corresponding value of T ' 
which is obtained on solving eqn. No. (2 ) . 
The p lots of " f versus time at the four d i f f e r e n t 
temperature^(f igs. 2 . 7 ) f o r a lka l i earth metal ions on saw 
dust based zirconium(IV) tungstophosphate are shown at a 
concentration .05M which are straight l ine passing through 
the o r i g i n . I t confirms a par t i c l e d i f f u s i o n contro l led 
phenomenon. The resu l t s are summarized in table 2 . 7 f o r a l l 
the M(II) - H( l ) exchanges on these materials . 
The slopes (S) of various"Y versus time plots f o r a l l 
the metal ions on saw dust based zirconium(IV) tungstophosphate 
are given in table 2 , 8 . They are re lated with as f o l l ows 
S = — ^ . . . . (3) 
^o 
The plots of - l o g Djj versus 1/T are straight l ines 
as shown in f igures ( 2 , 8 ) ver i fy ing the Arrhenius equation 
DfJ = D^ exp(-Ea/RT) . . . . (4) 
DQ i s obtained by extrapolating these l ines and observing 
the intercepts at the o r i g i n . The act ivat ion energy (Eg )^ i s 
then calculated with the help of the equation (4) putting 
the value of at 273°K. Final ly , the entropy of act ivat ion 
( / \ S*) i s calculated by the equation. 
D^ = 2.72 d^ exp ( A S * / R ) (5 ) 
where d is the ionic jump distance (22) taken as 5 A®, K i s 
the Boltzmann constant and h is the Planck's constant. T i s 
taken at 273®K. The value of D^, E^ and AS* f o r saw dust 
based Zr(IV) tungstophosphate are summarized in Table 2 . 9 . 
* 
Negative values of AS indicate the f e a s i b i l i t y of 
ion exchange process on the surface o f saw dust based Zr(IV) 
tungstophosphate. A comparison of kinet ic behaviour of saw 
dust based Zr(IV) tungstophosphate and zirconium(IV) tungsto-
phosphate ( f i g . 2 . 9 ) indicate the higher negative values of 
<i\S in the case of saw dust based zirconium(IV) tungsto-
phosphate. Thus the ion exchange process i s more f e a s i b l e in 
the case of saw dust based zirconium(IV) tungstophosphate. 
The d is t r ibut ion studies (Kd values) indicate that 
the material i s s e l e c t i v e f o r a l l metal ion in "DM, Thus 
the material can be used f o r the s e l e c t i v e removal of these 
metal ions from a sample containing the r e s t . F i g . 2 . 1 0 t o 
2 ,12 shows a comparison of d i s t r ibut ion studies of saw dust 
based 2irconium(lV) tungstophosphate and zirconium(IV) 
tungstophosphate. The most s i g n i f i c a n t point i s the t o t a l 
04-
adsorption of Pb on saw dust based zirconium(IV) tungsto-
phosphate. 
Further d e t a i l s regarding the structure of the saw 
dust based Zirconium(IV) tungstophosphate could not be 
worked out because of the i n s u f f i c i e n t instrumental studies 
f o r elemental analysis , A thorough invest igat ion in th is 
d i r e c t i o n w i l l give conclusively the structure evidence of 
these compound, which i s in progress. 
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